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(54) Error correction method and error correction device 

(57) The en-or correction result is held by the shift 
register (28). and the enor correction processing result 
held in the shift register (28) is circulated successively, 
and thereby the subsequent enor correction is per- 
formed with reference to this error correction result, 
enabling error correction processing using a general- 
purpose memory (14) during error connection process- 
ing using repeatedly product code type error correction 
code. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an error correction method 
and an error correction device to be applied to optical 
disc devices and magnetic reproduction devices. In the 
present invention, for en^or correction processing using 
repeatedly product code type error correction codes, 
error correction processing is performed using a gen- 
eral-purpose memory by holding an eraser pointer in a 
register. 

Description of the Related Art 

In a conventional optical disc device, error correc- 
tion capability is improved by using repeatedly a product 
code type en-or correction code for en-or con-ection 
processing. 

Fig. 8 is a diagram for illustrating an ECC block 
applied to such sort of optical disc, and in such optical 
disc device, error correction processing is performed for 
each ECC block as a unit. Herein the ECC block com- 
prises frame data of 216 frames. In this ECC block of 
216 frames, the head and tail 4 frames are assigned 
respectively to a preamble and postamble, and the 
residual 208 frames are assigned to, for example, suc- 
cessive 16 sectors (13 frames are assigned to each 
sector). In an ECC block, the head 192 frames out of 
208 frames are assigned to user data, and the residual 
16 frames are assigned to a C2 parity code. 

Each frame comprises 186 byte data, and the head 
2 bytes are assigned to synchronous data, similarly fol- 
lowing 91 bytes to user data, successively, 2 bytes to 
synchronous data, 81 bytes to user data, and 10 bytes 
to CI parity C1. 

The optical disc device holds successive input-user 
data in a memory in the order of raster scanning of the 
table shown in Rg. 8 for recording. Further, the optical 
disc device scans this table in the vertical direction, and 
generates a C2 parity code of 16 bytes for each user 
data of 192 bytes on the one vertical column. Subse- 
quently, the optical disc device scans the table in the 
horizontal direction and generates a C1 parity code of 
10 bytes for each user data of 172 bytes on the one hor- 
izontal row and the C2 parity code. As desaibed herein 
above, the optical disc device forms an ECC block of 1. 
outputs successively the table in the order of raster 
scanning to a modulation circuit, and records the user 
data, the CI parity code, and the C2 parity code in an 
optical disc. 

On the other hand for reproduction, the optical disc 
device stores reproduction data outputted from a 
decoding circuit in a memory in the order of raster scan- 
ning, thereby holds temporarily the reproduction data 
according to the arrangement of the table. Then, the 



optical disc device scans successively the table in the 
horizontal direction and performs en-or corection 
processing for each frame unit using the CI parity code. 
When, the optical disc device sets an eraser pointer 
5 (referred to as CI eraser pointer hereinafter) to the cor- 
respoKJing frame if it is difficult to correct an error by 
way of the 01 parity code, and records thereby the 
existence of a bit error in the conresponding frame. 
Subsequently, the optical disc device scans the 
10 table in the vertical direction, and performs en'or correc- 
tion processing using the C2 parity code. When, the 
optical disc device identifies the frame which includes 
the bit error and performs error correction processing 
with reference to CI eraser pointer. Further, for a bit 
IS error which is detected but is difficult to be corrected by 
way of the above-mentioned method, an eraser pointer 
(C2 eraser pointer) is set. As described herein above, a 
frame in which a bit error is included is identified and 
then the location of the bit en^or is specified, and thereby 
20 en-or con-ection capability is improved. 

The optical disc device performs error correction 
processing using the C2 parity code as described 
herein above, and subsequently performs again during 
en-or correction processing using the CI parity code. 
25 When, the optical disc device specifies the location of 
the bit error with reference to C2 eraser pointer, and 
thereby performs en-or correction processing with appli- 
cation of improved error correction capability 

The optical disc device corrects a bit error of a 
30 reproduction data by repeating error con-ection process- 
ing using the 01 parity code and the 02 parity code with 
reference to 01 eraser pointer and 02 eraser pointer as 
descrtoed herein above as required, and thereafter out- 
puts user data in order of raster scanning. 
35 To do such operation, a conventional optical disc 
device structures this sort of the memory so that the 
memory can hold not only ECC block but also 01 eraser 
pointers and C2 eraser pointers. Further the memory is 
structured with 9 bit widtii in order to read 01 eraser 
40 pointers or 02 eraser pointers corresponding to user 
data of 1 byte (8 bits) using the address data of 1. 01 
eraser pointers and 02 eraser pointers are set using 
commonly the residual area of 1 bit. 

TTie optical disc device scans an ECO block in the 
45 order as described herein above to repeat en*or con-ec- 
tion processing using the 01 parity code and the 02 
parity code. 

In a usual data processing device, a memory with 8 
bit width is used. Therefore it is convenient to use a gen- 
50 eral-purpose memory with 8 bit width in such optical 
disc device. 

TTie present invention has been accomplished in 
view of such subject, and proposes an error con-ection 
method and error correction device which are capable 
55 of performing error correction processing using a gen- 
eral-purpose memory. 
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SUMMARY OF THE INVENTION 

To solve such problem, in the error correction 
method and the error correction device of the present 
Invention, an en*or correction result is held in a shift reg- 
ister, the error correction result held in the shift register 
is circulated successively, and the subsequent error cor- 
rection processing is performed with reference to the 
error correction result. 

A general-purpose memory can be made to hold a 
data group by holding the error correction result in the 
shift register. By circulating successively the error cor- 
rection result held in the shift register, the en-or correc- 
tion result corresponding to the data group held in the 
memory Is inputted successively and en-or correction 
processing is performed even when the error correction 
result is held in the shift register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram for illustrating an ECC cir- 
cuit of an optical disc device in accordance with the 
present invention. 

Fig. 2 is a block diagram for illustrating the optical 
disc shown in Rg. 1 . 

Rg. 3 is a time chart for describing operation of a 
memory in the optical disc device shown in Fig. 1 . 

Rg. 4 is a schematic diagram for describing error 
con-ection using the C1 parity code. 

Rg. 5 is a schematic diagram for describing error 
con-ection using the 02 parity code. 

Rg. 6 is a schematic diagram for describing an 
eraser pointer in error con-ection using the 02 parity 
code. 

Rg. 7 is a schematic diagram for describing an 
eraser pointer in error correction using the 01 parity 
code. 

Fig. 8 is a schematic diagram for describing an 
ECO block. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of the present invention will be 
desaibed in detail hereinafter with reference to the 
drawings. 

Fig. 2 is a block diagram for illustrating an optical 
disc device in accordance with an embodiment of the 
present invention. The optical-disc device 1 is applied 
as an external memory of a computer, records user data 
D1 in a magneto-optic disc 2. and reproduces and out- 
puts the user data D1 recorded in tiie magneto-optic 
disc 2. 

On the magneto-optic disc 2. track addresses and 
sector addresses are pre-formatted by pre-groove 
which forms guide grooves for the laser beam, a laser 
beam is irradiated from an optical pick-up 3 onto the 
magneto-optic disc 2 witii rotation of a predetermined 
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rotation speed, and the reflected beam is received by 
tiie optical pick-up 3. The magneto-optic disc 2 is struc- 
tured so that a track address and sector address are 
detected with reference to a r^roduction signal RF 
5 obtained by receiving the reflected beam. The magneto- 
optic disc 2 gives the rise of quantity of Vne laser beam 
intermittentiy witfn reference to the track address and 
sector address, a modulation coil 4 applies a modula- 
tion ntagnetic field, and thereby desired data are 
w recorded thernrwmagnetically. The recorded data are 
reproduced by detecting change in plane of polarization 
of tiie reflected beam utilizing effectively magnetic Kerr 
effect 

In the optical disc device 1 , a buffer memory 5 
IS stores temporarily user data D1 and outputs it in prede- 
termined block unit. An encoder 6 adds an error detec- 
tion code to the user data D1 outputted from the buffer 
memory 5 and outputs it. A scramble drcuit 7 inter- 
leaves and outputs the output data from the EDO 
20 encoder 6. An ID encoder 8 adds fixed data such as ID, 
synchronous data, and postamble to the output data 
from the scramble circuit 7 and outputs it. 

A memory 9 holds tiie output data from the ID 
encoder 8 in compliance with address control of an 
25 address generator not shown in the drawing, and out- 
puts the held data. An ECC circuit 10 generates an error 
correction the Cl parity code and tiie 02 parity code 
based on the data outputted from the memory 9, and 
stores tiie generated the Cl parity code and the C2 par- 
se ity code in the memory 9. Then, tiie memory 9 outputs 
the Cl parity code and the 02 parity code added to tiie 
user data D1 as described herein above with the user 
data D1 in the order described in the desaiption for Fig. 
8. 

35 A modulation data generation circuit 1 1 performs 
data processing of the output data D2 from the memory 
9 and outputs a modulation data D3 which is suitable for 
recording in the magneto-optic disc 2. A driver 12 drives 
a modulation coil 4 based on the modulation data D3 

40 correspondingly to quantity of laser beam which rises 
intermittentiy, and the optical disc device 1 records the 
user data D1 in the magneto-optic disc 2 by way of ther- 
momagnetic recording method. 

On the other hand for reproduction, in the optical 

45 disc device 1, a reproduction signal RF obtained from 
the optical pick-up 3 is inputted to a demodulation circuit 
13. The demodulation circuit 13 generates a binary sig- 
nal by converting the reproduction signal RF to the 
binary signal, and generates a reproduction clock based 

50 on the binary signal. The demodulation circuit 13 
latches successively binary signals witii reference to the 
reproduction clock, and generates thereby reproduction 
data. Further the demodulation circuit 13 performs data 
processing of tiie reproduction data correspondingly to 

55 data processing of the modulation data generation cir- 
cuit 1 1 , and generates a demodulation data D5 from the 
reproduction data to output 

A memory 14 holds the demodulation data D5 in 
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compliance with address control of the address genera- 
tor not shown in the drawing, and outputs the held 
demodulation data at a predetermined timing. An ECC 
circuit 15 performs en-or conrection processing of the 
demodulation data outputted from the memory 1 4 using 5 
the C1 parity code and the C2 parity code, and stores it 
in the memory 14. 

An ID decoder 16 detects the ID from the demodu- 
lation data 06 outputted from the memory 14 and out- 
puts it selectively with reference to the detected ID. A 10 
descramble circuit 1 7 performs de-interleave process- 
ing of the output data and outputs it. An EDC decoder 
18 performs en^r detection processing of the outputted 
data with reference to the error detection code added to 
the output data, and performs error correction process- is 
ing when it is correctable. A buffer memory 19 holds the 
output data from the EDC decoder 18, and outputs it in 
response to request from the external apparatus. 

Fig. 1 is a block diagram for illustrating the memory 

1 4 and ECC circuit 1 5 of the optical disc device. Herein, 20 
the memory 14 comprises a general-purpose memory 
with 8 bit width, and the internal memory area is divided 
into first and second memory areas 14A and 14B. Fur- 
ther, the memory 14 switches its operation in response 

to a control signal SI (Fig. 3(A)) which changes in signal 25 
level synchronously with ECC block period as shown in 
Fig. 3,* holds demodulation data D5 inputted from the 
demodulation circuit 13 synchronously with each ECC 
block period using alternately the two memory areas 
14A and 14B, and performs error correction processing 30 
of the held demodulation data D5 (Fig. 3(B) and (C)). 
Thus, the memory 14 can ensure sufficient processing 
time for enror correction processing of successive 
demodulation data D5. 

In the error con-ection processing, the ECC circuit 35 

1 5 repeats three times error correction processing using 
the CI parity code (represented by code Cl) and error 
con-ection processing using the C2 parity code (repre- 
sented by code C2) respectively in order to ensure error 
con-ection of bit errors. Further, the ECC drcurt 15 40 
informs that the enror is uncorrectable by way of output- 
ting the correction processing result S2 to a system con- 
trol circuit not shown in the drawing in the case that the 
error was uncorrectable in spite of such repeated error 
connection processing. In response to the uncorrectable 45 
Information, the optical disc device 1 repeats retrial as 
required. In this embodiment, each ECC block is struc- 
tured similarly to the ECC blocM described in Rg. 8. 

The memory 14 outputs the user data DD5, the C2 
parity code C2, and the C1 parity code CI during error so 
con-ection processing using the CI parity code so that 
the arrangement of the ECC block is scanned succes- 
sively in the horizontal direction (so that scanned in 
frame unit) as shown with arrows-a in Fig. 4(A) corre- 
spondingly to the error correction processing and ECC ss 
block. After outputting of the user data DD5 as 
described herein above, the memory 14 rewrites the 
user data DD5 in compliance with control of the ECC 



circuit 15, and updates thereby the content using the 
correct user data DD5 which is subjected to error cor- 
rection processing. 

As shown in Fig. 5 with arrows-b. during error cor- 
rection processing using the C2 parity code, the user 
data DD5 and the C2 parity code C2 are outputted so 
that the arrangement of the ECC block is scanned suc- 
cessively in the vertical direction. After outputting of the 
user data DD5 as described herein above, the user data 
DD5 is rewritten in compliance with control of the ECC 
circuit 15, and the user data DD5 is con-ected thereby to 
a correct user data DD5 which was subjected to error 
correction processing, and thus the content is updated 
using this corrected user data DD5. During the en-or 
correction processing using the C2 parity code, the 
memory 14 does not output the CI parity code in the 
vertical direction, and the ECC circuit 15 does not per- 
form error correction processing in the vertical direction 
using the Cl parity code correspondingly to no output 
from the memory 14. 

In the ECC circuit 15. an arithmetic circuit 25 
switches operation in compliance with control of a con- 
troller not shown in tfie drawing, inputs successively the 
demodulation data D5 outputted from the memory 14 
during error con-ection processing using the Cl parity 
code, and performs error detection for each frame as a 
unit Further based on the error detection result, the 
demodulation data D5 subjected to error con*ection 
processing is stored in the memory 14 if it is a con-ecta- 
ble en-or, and an error uncorrectable flag S3 is outputted 
if it is an uncorrectable error. Yet further, the arithmetic 
drcuit 25 receives an input C2 eraser pointer SC2 
through a selection circuit 27 during the error correction 
processing using the Cl parity code subsequent to 
error correction processing using the C2 parity code, 
and corrects the enror with reference to tine location of 
the bit error specified by the C2 eraser pointer SC2. 

Thereby, the aritiimetic circuit 25 operates en-or 
correction processing 208 times corresponding to 208 
fram.es during error correction processing using the C1 
parity code and outputs the process result for each eaor 
correction processing using an en-or uncorrectable flag 
S3- 

Similarly, the arithmetic circuit 25 receives from tiie 
memory 14 an input of demodulation data D5 in the 
order of the vertical direction as described for Fig. 5 and 
detects an error in one row unit during an error correc- 
tion processing using the C2 parity code. If the arithme- 
tic circuit judges tiie error to be conrectabte based on tiie 
en-or correction resuH. the dennodulation data D5 which 
was subjected to error correction processing is stored in 
the memory 14, otherwise, if the arithmetic circuit 
judges tiie data to be uncorrectable, tiie arithmetic cir- 
cuit 25 outputs an error uncorrectable flag S3. Further 
tiie arithmetic circuit 25 receives an input of Cl eraser 
pointer SCI ttirough the selection circuit 27 during an 
error correction processing using the C2 parity code, 
and corrects the error with reference to the location of 
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the bit error specified by the CI eraser pointer SC1 . 

As described herein above, the arithmetic circuit 25 
performs error correction processing 1 72 times corre- 
sponding to the number of user data of 1 frame during 
an error correction processing using the C2 parity code, 5 
and outputs each error correction processing result as 
an error uncorrectable flag S3. 

For such error correction, the selection circuit 27 
outputs C2 eraser pointer SC2 to be outputted from a 
C2 shift register 30 during error conrection processing w 
using the C1 parity code to the arithmetic circuit 25 with 
being controlled by a controller not shown in the draw- 
ing, on the other hand, outputs C1 eraser pointer SCI to 
be outputted from a C1 shift register 28 to the arithmetic 
circuit 25 during error correction processing using the is 
C2 parity code. 

The C1 shift register 28 comprises a 206 bit shift 
register corresponding to the number of error correction 
processing using the CI parity code, and inputs an error 
uncon'ectable flag S3 through the selection circuit 29 20 
during the error correction processing using the CI par- 
ity code. Thereby the C1 shift register 28 fetches and 
holds successively C1 eraser pointers during error cor- 
rection processing using the CI parity code. Further the 
C1 shift register 25 performs bit sfiifting of the input con- 25 
tent bit-by-bit con-espondingly to the error correction 
processing using the C1 parity code when an error 
uncorrectable flag S3 is inputted. Thereby, the CI shift 
register 28 can hold CI eraser pointer SCI correspond- 
ing to the frame which was subjected to en-or con-ection 30 
processing as shown in Fig. 4 with only a simple struc- 
ture comprising the 208 bit shift register. 

On the other hand, the shift register 28 performs bit- 
by-brt bit shifting of CI eraser pointer SCI which is to be 
held synchronously with the demodulation data D5 out- 35 
putted from the memory 14 during error correction 
processing using the C2 parity code, and outputs it to 
the arithmetic circuit 25. Further the C1 shift register 28 
inputs successively CI eraser pointers to be fed back 
through the selection circuit 29 synchronously with the 4o 
bit shifting. 

In such operation described herein above, the 
selection circuit 29 inputs the error uncorrectable flag 
S3 outputted from the arithmetic circuit 25 to the C1 
shift register 28 during en'or correction processing using 45 
the CI parity code by way of controlling performed by a 
controller not shown in the drawing, and on the other 
hand, feeds back C1 eraser pdnter SCI outputted from 
the C1 shift register 28 to the C1 shift register 28 during 
error correction processing using the C2 parity code. so 

Thereby, the Cl shift register 28 circulates and 
holds successively C1 eraser pointer SCI 172 times 
that is the number of error correction processing in the 
arithmetic circuit 25 as shown in Rg. 6 wrth an arrow-c 
during error correction processing using the C2 parity ss 
code, and outputs CI eraser pointer SC1 corresponding 
to the demodulation data D5 outputted from the mem- 
ory 14 to the arithmetic circuit 25. 



On the other hand, the C2 shift register 30 compris- 
ing a shift register having 1 72 bits corresponding to the 
number of en'or correction processing using the C2 par- 
ity code, and is controlled to be stopped in operation 
during the first CI eraser correction. On the other hand, 
the C2 sNft register 30 inputs an en'or uncorrectable 
flag S3 through the selectiorv circuit 31 during en'or cor- 
rection processing using the C2 parity code. Thereby 
the C2 shift register 30 fetches and holds successively 
the C2 eraser pointer SC2 during error correction 
processing using the C2 parity code. The C2 shift regis- 
ter 30 performs bit-by-bit bit shifting of the content input- 
ted correspondingly to error correction processing using 
the C2 parity code when an error uncorrectable flag S3 
is inputted. Thus the C2 shift register 30 holds C2 
eraser pointer SC2 corresponding to each row which 
was subjected to error con-ection processing as shown 
in Rg. 5(B) with only simple structure comprising the 
shift register having 172 bits. 

On the other hand, the C2 shift register 30 performs 
bit-by-bit bit shifting of C2 eraser pointer SC2 to be held 
synchronously with the demodulation data D5 outputted 
from the memory 14 during en'or correction processing 
using the 01 parity code subsequent to en'or corection 
processing using the C2 parity code, and outputs it to 
the arithmetic circuit 25 through the selection circuit 32. 

In such operation described herein above, the 
selection circuit 31 inputs an error uncorrectable flag S3 
outputted from the arithmetic circuit 25 to the C2 shift 
register 30 during error con-ection processing using the 
C2 parity code by way of controlling performed by a con- 
troller not shown in the drawing, on the other hand, 
feeds back C2 eraser pointer SC2 outputted from the 
C2 shift register 30 to the C2 shift register 30 during 
error conrection processing using the CI parity code 
subsequent to error correction processing using the C2 
parity code. 

Thereby the C2 shift register 30 circulates and 
holds successively the C2 eraser pointer SC2 208 times 
that is the number of error correction processing in the 
arithmetic circuit 25 as shown in Rg. 7 with an arrow-d 
during error correction processing using the CI parity 
code subsequent to the error correction processing 
using the C2 parity code, and outputs 02 eraser pointer 
SC2 corresponding to the demodulation data D5 output- 
ted from the memory 14 to the arithmetic circuit 25. 

In this embodiment, the Cl parity code has no 
access during error con-ection processing using the 02 
parity code. Correspondingly, the 02 shift register 30 
stops the bit shift operation during error correction 
processing using the 01 parity code if the demodulation 
data D5 outputted from the menrrary 14 is the 01 parity 
code. Thereby the whole structure of the ECO circuit 15 
can be miniaturized. 

The selection circuit 32 is disposed between the 01 
shift register 30 arxJ arithmetic circuit 25, and outputs 
02 eraser pointer S02 outputted from the 02 shift reg- 
ister 30 to the arithmetic circuit 25. When, the selection 
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circuit 32 switches the contact point to the earth side in 
response to the stop of operation of the C2 shift register 
30, and sets the input terminal of C2 eraser pointer SC2 
in the arithmetic circuit 25 to the logical level for the case 
of no bit error. 

The ECC circuit 15 repeats error con-ection 
processing using the CI parity code and the C2 parity 
code on the user data DD5 which is held in the memory 
14, and stores the user data DD5 which was subjected 
to error correction processing as required in the mem- 
ory 14, and the user data which was subjected to error 
correction processing is outputted to the subsequent ID 
decoder 16 as an output data D6. 

An output register 34 inputs C2 eraser pointer SC2 
having 1 72 bits held in the C2 shift register 30 at a time 
when the final error con-ection processing using the C2 
parity code is completed after repeated error correction 
processing using the CI parity code and the C2 parity 
code, and holds them. Further the output register 34 
perfonns and outputs bit-by-bit successively the held C2 
eraser pointer SC2 synchronously with output of 
demodulation data D6 from the memory 14, and feeds 
back the C2 eraser pointer which was outputted to the 
input side and holds it. 

Thereby the ECC circuit 15 outputs the C2 eraser 
pointer SC2 as an en-or correction result S2, and herein 
outputtrng of the error corection processing result S2, 
performs simultaneously in parallel output of the error 
correction processing result S2 synchronous with the 
demodulation data D6 and error con-ection processing 
of the subsequent ECC block during the subsequent 
ECC block period by transmitting C2 eraser pointer SC2 
from the C2 shift register 30 to the output register 34. 

In the structure desaibed herein atxjve, a user data 
D1 (Fig. 2) inputted from the computer is inputted to the 
EDC encoder 6 through the buffer memory 5 in a prede- 
termined block unit, and a code for en-or detection is 
added in this stage. Further the user data D1 is sub- 
jected to interleave processing in the scramble circuit 7, 
thereafter, added with a fixed data such as synchroniz- - 
ing signal by the ID encoder 8, and then stored in the 
memory 14. The data stored in the memory 14 is added 
with the CI parity code and the C2 parity code for error 
con-ection by the ECC circuit 10, and the modulated 
data D2 is generated. The modulated data D2 is modu- < 
lated to a modulation data D3 in the modulation data 
generation circuit 11 . and ttie modulation data D3 drives 
the modulation coil 4. Thereby the user data D1 is 
recorded thermomagnetically in the magneto-optic disc 

The optical pick-up 3 irradiates a laser beam onto 
the magneto-optic disc 2 in which the user data D1 is 
recorded, and the plane of polarization of the reflected 
beam is detected, and the reproduction signal RF is 
generated. The reproduction signal RF is converted to a & 
binary signal in the demodulation circuit 13, a reproduc- 
tion dock is generated from the binary signal, and fur- 
ther the binary signal is latched successively with 



reference to tiie reproduction clock and a reproduction 
data is generated. Furtiier the reproduction data is sub- 
jected to inverse recording processing to generates a 
demodulation data D5, the demodulation data D5 is 
5 stored in the memory 14. and receives error correction 
processing performed by ttie ECC circuit 15. 

When, the demodulation data D5 is stored in the 
memory 14 with switching alternately between the first 
and second memory areas 14A and 14B of the memory 
w 14 with the ECC block period (Fig. 3). stored in the 
memory 14. subjected to error correction processing 
performed by the ECC circuit 15, and outputted from the 
memory 14. Sufficient processing time for error con-ec- 
tion processing is given to the demodulation data D5, 
IS and the error con-ection processing is performed con- 
si stentiy. 

In the error con-ection processing herein in detail, 
the demodulation data D5 is subjected to the error cor- 
rection processing using tiie Cl parity code and the 
20 error correction using the C2 parity code alternately 
three times respectively In tiie first enror correction 
processing tfiat is an error connection processing using 
the CI parity code, the user data DD5, ttie CI parity 
code, and the C2 parity code of the denrrodulation data 
25 D5 are scanned successively in tiie horizontal direction 
in the anangement described for Fig. 8. supplied from 
the memory 14 to the arithmetic circuit 25, subjected to 
error con-ection processing in each frame unit, and the 
content of the memory 14 is con-ected witii the correct 
30 user data DD5 which was subjected to error correction 
processing (Fig. 4). 

In the case that the error is uncorrectable during the 
enor con-ection processing using the C1 parity code, an 
enor unconectable flag S3 outputted from the arithme- 
35 tic drcuit 25 rises, and the enror uncorrectable flag S3 is 
inputted to tiie CI shift register 28 through the selection 
drcuit 29 and held in it In tiie Cl shift register 28. the 
enror uncon-ectable flag S3 of the demodulation data 
DD5 is held successively correspondingly to the 
w processing period of a frame in tiie arittimetic drcuit 25, 
subjected to bit-by-bit bit shifting, and ttiereby error cor- 
rection processing results of each frame are held in the 
Cl shift register 28 as Cl eraser pointer SCI. 

When tiie first error correction processing using Cl 
s parity is completed as described herein above, the 
demodulation data D5 is subjected to en-or correction 
processing using tiie C2 parity code. In tiiis processing, 
tiie user data DD5 and tiie C2 parity code of the demod- 
ulation data D5 are scanned successively in ttie vertical 
0 direction in the arrangement desaibed for Fig. 8, sup- 
plied from tiie memory 14 to the arithmetic drcuit 25, 
subjected to en-or conrection processing in each frame 
unit, and the content of tfie memory 1 4 is corrected with 
ttie con-ect user data DD5 which was subjected to en-or 
5 correction processing (Fig. 5). 

When, Cl eraser pointer SCI held in tiie Cl shift 
register 28 is subjected to bit-by-bit bit shifting synchro- 
nously witti output from the memory 14 to the arithmetic 
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circuit 25, and thus the demodulation data D5 is sup- 
plied to the arithmetic circuit 25. fed back to the C1 shift 
register 28 to be circulated to the CI shift register 28, 
thereby the en-or correction processing result using the 
C1 parity code of the corresponding frame is supplied 5 
synchronously to the arithmetic circuit 25 (Fig. 6). Fur- 
ther in the arithmetic circuit 25. enror correction process- 
ing is performed with reference to the frame having an 
bit error specified by the CI eraser pointer SCI , thereby 
error correction capability is improved. ,0 

In the case that the error is uncorrectable during the 
error correction processing using the C2 parity code, an 
error uncorrectable flag S3 outputled from the arithme- 
tic circuit 25 rises, and the en-or uncorrectable flag S3 is 
inputted to the C2 shift register 30 through the selection is 
circuit 31 and held in it. In the C2 shift register 30, the 
error unconectable flag S3 of the demodulation data D5 
(¥1) is held successively correspondingly to the error 
correction processing period of column unit in the arith- 
metic drcuit 25, subjected to bit-by-bit bit shifting, and 20 
thereby error correction processing results of each 
frame are held in the C2 shift register 30 as C2 eraser 
pointer SC2. 

When, only the user data DD5 and the C2 parity 
code of the demodulation data D5 are inputted to the 25 
arithmetic circuit 25. thereby the processing in the verti- 
cal direction corresponding to the CI parity code is 
brought to a stop in the arithmetic circuit 25. and C2 
eraser pointer SC2 is stored in the C2 shift register 30 in 
the vertical direction excepting the CI parity code (Fig 30 
5). 

When the first error con*ection processing using the 
Cl parity code and the error correction processing 
using the C2 parity code are completed as described 
herein above, the denrodulation data D5 is subjected to 35 
error correction processing using the subsequent tiie 
CI parity code. In the subsequent en-or conection 
processing using the Cl parity code, the demodulation 
data D5 is supplied from the memory 14 to the arithme- 
tic circuit 25 as in tiie case of the first error correction 40 
processing using the Cl parity code, and tiie content of 
the memory 14 is updated. Cl eraser pointer SCI that 
is an error correction processing result is held in the C1 
shift register. 

When, C2 eraser pointer SC2 held in the C2 shift 45 
register 30 is subjected to bit-by-bit bit shifting synchro- 
nously with output from tfie memory 1 4 to the arithmetic 
circuit 25. and thus the demodulation data D5 is sup- 
plied to tiie arithmetic circuit 25. fed back to ttie C2 shift 
register 30 to be circulated to the C2 shift register 30. so 
thereby the en-or correction processing result using the 
C2 parity code of the corresponding column is supplied 
synchronously to tiie arithmetic circuit 25 (Fig. 7). Fur- 
ther in the arithmetic circuit 25. error correction process- 
ing is performed with reference to the column having an ss 
bit enor specified by the C2 eraser pointer SC2. thereby 
error correction capability is improved. 

Bit shifting operation of the demodulation data D5 
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on column in the vertical direction corresponding to the 
Cl parity code in the C2 shift register 30 is controlled to 
be stopped, the contact point of the selection circuit 32 
is switched to the earth side contact point, and thus 
enor correction processing is performed under the con- 
dition that is set to no bit error detection on the column 
in tiie vertical direction con'esponding to the Cl parity 
coda 

When the first error correction processing using the 
Cl parity code, the en*or conection processing using 
the C2 parity code, and the subsequent error connection 
using the C1 parity code are completed as described 
herein above, the demodulation data D5 is subjected 
further to the subsequent error correction processing 
using the C2 parity code and the yet subsequent en-or 
correction processing using the Cl parity code alter- 
nately and repeatedly, and stored in tiie memory 14. 
When the series of error conection processing is com- 
pleted, the user data DD5 is outputted from the memory 
14 to tiie ID decoder 16 in the predetermined order. 

The demodulation data D5 is transmitted to the out- 
put register 34 with C2 eraser pointer SC2 held in the 
C2 shift register 30 at a time synchronously with the tim- 
ing of tiie starting of output to tiie ID decoder 16. 
Thereby C2 shift register 30 becomes vacant in the 
ECC circuit 15. and is used for error correction process- 
ing of ttie subsequent ECC block. When being output- 
ted from the memory 14, C2 eraser pointer SC2 
transmitted to the output register 34 is subjected suc- 
cessively to bit shifting and the demodulation data D6 is 
outputted as an error conection processing result S2. 
and the user data which is judged to be error unconrect- 
able based on the error con-ection processing result S2 
is subjected to repeated reproduction processing from 
the magneto-optic disc 2 as required. 

The user data D6 outputted from tiie memory 1 4 as 
described herein above is subjected to processing cor- 
responding to recording and outputted to an internal 
apparatus from tiie buffer memory 1 9. 

According to the structure as described herein 
above, Cl eraser pointer SCI and C2 eraser pointer 
SC2 are held in tiie Cl shift register and C2 shift regis- 
ter respectively, tiie held C1 eraser pointer SCI and C2 
eraser pointer SC2 are circulated corresponding to ttie 
arittimetic drcurt 25 and supplied to the arithmetic cir- 
cuit 25. and tiiereby the error correction processing can 
be performed with hoWing the demodulation data In the 
memory 14 having 8 bit width. Therefore the data of this 
sort can be subjected to error correction processing 
using a general-purpose memory. 

The memory space is utilized more efficientiy in 
comparison with the use of an exclusive use memory 
having 9 bit widtii. In tiie case that a memory having 9 
bit width is used for the above-mentioned ECC block 
shown in Fig. 8. it requires additional memory space of 
208 X (172+10) bits in comparison with the case ttiat 
uses a memory of 8 bit widtti. On the other hand, in the 
embodiment described herein above, error correction 
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processing can be performed by expanding the memory 
space of the shift registers of only 208 bits and 1 72 bits. 
The excessive memory space can be utilized usefully 

When the memory space of the memory 14 is 
divided and en-or con*ection processing and data input s 
and output processing are performed simuftaneously in 
parallel by outputting C2 eraser pointer SC2 synchro- 
nously with data output from the memory 14 after C2 
eraser pointer SC2 is transmitted at a time to the output 
register, the C2 shift register is assigned to the subse- io 
quent enror correction processing, and the error con-ec- 
tion processing result can be outputted. Therefore, 
sufficient time is affordable with a simple structure for 
error correction processing in this embodiment. 

In the embodiment described hereinbefore, the is 
case that the en-or correction processing using the C1 
parity code and the error correction code using the C2 
parity code are repeated alternately three times respec- 
tively, however, the present invention is by no means 
limited to the case of three times, but the number of rep- 2o 
etition can be select c^tionally as required, and for 
example, only CI shift register may be disposed corre- 
spondingly to the selected number of repetition. 

Further in the embodiment described hereinbefore, 
the case that user data recorded in a magneto-optic 25 
disc are reproduced is desaibed. however the present 
invention is by no means limited to this case, but the 
present invention can be applied widely to various 
cases Including the case that various data recorded in a 
phase-change type optical disc are reproduced, the so 
case that various data are transmitted through a trans- 
mission line such as an optical disc, and the case that 
audio data or video data are subjected to error connec- 
tion processing. 

According to the present, invention as described 35 
hereinbefore, eraser pointers are held in the register 
when error correction processing is performed using 
product code type en-or correction code repeatedly and 
error correction processing can be thereby performed 
with using a general-purpose menrory 40 

Claims 

1 . An en-or correction method for correcting an error of 
a matrix data group disposed in the horizontal and 4S 
vertical directions with a predetermined arrange- 
ment to which first arxJ second error con-ection 
codes are added in said horizontal and vertical 
directions respectively, wherein error correction 
processing in the horizontal direction and then error so 
correction processing in the vertical direction are 
performed successively in said error con-ection 
processing in the horizontal direction, 

error con-ection processing (25) is performed ss 
successively on said data group arranged in 
the horizontal direction using said first error 
connection code, said en-or correction result in 



the horizontal direction is held by first shift reg- 
ister (28) corresponding to said data group in 
the vertical direction, 

in said en*or correction processing (25) in the 
vertical direction, 

error correction processing is performed suc- 
cessively on said data group an-anged in the 
vertical direction using said second error cor- 
rection code, and 

the en-or correction processing result held in 
said first shift register (28) is circulated succes- 
sively in order to perform error correction 
processing with reference to the error correc- 
tion result held in said first shift register (28). 

2. The en-or correction method as claimed in claim 1 , 
wherein: 

subsequent en-or correction processing in the 
horizontal direction is performed subsequentiy 
to said en-or conrection processing in the verti- 
cal direction, 

in said error correction processing in the verti- 
cal direction, 

said error correction result in the vertical direc- 
tion is held in a second shift register (30) con-e- 
sponding to said data group in the horizontal 
direction, 

in said subsequent error correction processing 
(25) in the horizontal direction, 
error correction processing is performed suc- 
cessively on said data group arranged in the 
horizontal direction using said first enror correc- 
tion code, and 

the error correction processing resuft held in 
said second shift register (30) is circulated suc- 
cessively in order to perform error correction 
processing with reference to the error correc- 
tion result held in said second shift register 
(30). 

3. An error correction device comprising: 

memory means (14) for holding a matrix data 
group disposed in the horizontal and vertical 
direction with a predetermined arrangement to 
which first and second en-or correction codes 
are added in said horizontal direction and verti- 
cal direction respectively with said first and 
second error correction codes, and for output- 
ting at a predetermined timing, 
aritiimetic means (25) for performing error cor- 
rection processing in the horizontal direction 
and error correction processing in the vertical 
direction, in said en-or correction processing in 
the horizontal direction, for performing error 
correction processing successively on said 
data group arranged in the horizontal direction 
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using said first error correction code in order to 
output said enror correction result in the hori- 
zontal direction, and in said error correction 
processing in the vertical direction, 
for performing error correction processing sue- s 
cessively on said data group arranged in the 
vertical direction using said second error cor- 
rection code with reference to said error correc- 
tion processing result in the horizontal 
direction, and io 
first shift register (28) for holding successively 
said error correction processing result in the 
horizontal direction in said error correction 
processing in the horizontal direction, and for 
circulating successively said held error correc- is 
tion processing result to output it to said arith- 
metic means (25) in said error correctioh 
processing in the vertical direction. 

4. The error con-ection device as claimed in claim 3, 20 
wherein: 



holds said error correction processing result 
held in said first (28) or second shift register 
(30) and has a third shift register (34) for out- 
putting said en-or connection processing result 
synchronously with output of said data group. 

6. The error con*ection device as claimed in claim 5, 
wherein: 

said second shift register (30) holds succes- 
sively said error conreclion processing result in 
the vertical direction correspondingly to the 
arrangement in the vertical direction of said 
data group, and circulates successively the 
held error correction processing result, and in 
the said error correction processing in the ver- 
tical direction corresponding to said first error 
correction code and corresponding said en-or 
correction processing In the horizontal direction 
comes to a stop in operation. 



said arithmetic means (25) performs the subse- 
quent en-or correction processing in the hori- 
zontal direction subsequently to said error ss 
correction processing in the vertical direction, 
outputs the error correction processing result in 
the vertical direction in said error correction 
processing in the vertical direction, and 
performs error correction processing succes- 30 
sively on said data group arranged in the hori- 
zontal direction using said first error correction 
code with reference to said error correction 
result in the vertical direction in said subse- 
quent error correction processing In the hori- 35 
zontal direction, and 

said error correction device comprising a sec- 
ond shift register (30) holding successively said 
error correction processing result in the vertical 
direction in said error correction processing in . 40 
the vertical direction, and circulates succes- 
sively said held en-or correction processing 
result in said subsequent error connection 
processing in the horizontal direction in order to 
output it to said arithmetic means (25) 45 

5. The error correction device as claimed in claim 4, 
wherein: 



said memory (14) has the first and second so 
memory areas, said first and second memory 
areas are assigned alternately to store said 
data group, and first and second error correc- 
tion codes, thereafter, outputs them to said 
arithmetic means (25). and ss 
outputs said data group on which error correc- 
tion processing was performed completely, and 
said error correction device 
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